INTRODUCTION
During the cleaning of the HPC core surfaces from Hole 480 for photography, the material removed was conserved carefully in approximately 10 cm intervals (by K. Kelts); this material was made available to us in the hope that it would be possible to obtain oxygen isotope stratigraphy for the site. The samples were, of course, somewhat variable in size, but the majority were probably between 5 and 10 cm 3 . Had this been a normal marine environment, such sample sizes would have contained abundant planktonic foraminifers together with a small number of benthics. However, this is clearly not the case, for many samples contained no foraminifers, whereas others contained more benthics than planktonics.
Among the planktonic foraminifers the commonest species are Globigerina bulloides, Neogloboquadrina dutertrei, and N. pachyderma. A few samples contain a more normal fauna with Globigerinoides spp. and occasional Globorotalia spp. Sample 480-3-3, 20-30 cm contained Globigerina rubescens, isolated specimens of which were noted in a few other samples in Cores 3,4, and 5. This is a particularly solution-sensitive species; in the open Pacific it is only found widely distributed at horizons of exceptionally low carbonate dissolution, such as. the last glacial-to-interglacial transition.
Among the benthic species the fauna is dominated by Bolivina spp. and Uvigerina, forms well illustrated by Phleger (1964) . In a few samples the Uvigerina were heavily costate; in Sample 480-8-2, 60-80 cm these were associated with other species not generally found at the site and with mineral grains in a foraminiferal sand that is probably redeposited. For some tens of centimeters above this sample, somewhat worn-looking specimens of similar costate uvigerinids were noted, and because of this association we avoided analyzing the costate uvigerinids mixed with others on the ground that they may be reworked. However, in Sample 480-4-3, 90-100 cm we did analyze such specimens from a sample that contained mineral grains; the isotope value is comparable with adjacent analyses of normal specimens.
In addition to foraminifers, the coarse fraction of nearly all samples contains fish debris. Occasional samples contain mineral grains; these are more abundant in samples in Core 8 and below. It seems likely that foraminifers were removed from the barren samples by dissolution, since some samples contain only very few partly dissolved foraminifers.
An important general point may be made concerning these samples, one that certainly has a bearing on sampling for future studies. There is considerable variation between samples at the present sampling interval (which must be of the order of a century). It would be useful to ascertain whether this reflects very rapid changes in water chemistry (and if so, how rapid) or whether we are seeing thin turbidites. Probably the most useful procedure would be to take a series of small samples at very close intervals (on the order of 1 mm apart) for carbonate analysis over a short time interval, to ascertain the depth-scale on which the variability occurs.
ISOTOPE DATA
Oxygen isotope data are given in Table 1 and in Figure 1 are plotted as a function of depth below sea floor. All data are expressed relative to the PDB standard (Epstein et al., 1951) , using analytical techniques similar to those described by Shackleton and Opdyke (1973) .
The bottom temperature today at Site 480 is about 6.5°C and the salinity about 34.55% (Roden and Groves, 1959) . Although Craig and Gordon (1965) did not analyze any water samples from very nearby for 18 O content, we may estimate from their Station VI11-5 at the appropriate depth that the water would stand at about -0.2% on the PDB scale. The data given by Shackleton (1974) and a considerable amount of additional data enable us to predict an 18 O content of about + 2.3 ±0.2% 0 for Uvigerina today. By analogy with other cores, we would expect that during the last glacial maximum values about 1.6% heavier than this would be recorded. Although we were unable to analyze any Uvigerina from the upper two cores, we find transitional values in Core 3 and several excursions to +4.1% in Core 4. Thus the Stage 2/1 boundary must lie in Core 3, a placement supported by the exceptional preservation peak noted at Sample 480-3-3, 20-30 cm.
In a number of samples in Cores 3 to 5, bolivinids were analyzed; the scattered data suggest that they may, like uvigerinids, calcify close to isotopic equilibrium. All values through to the base of Core 5 are consistent with a Stage 2 age (between 24,000 and 14,000 y. B.P.). If we ignore the single apparently interglacial analysis (probably unreliable) from Sample 480-6-1,, 80-90 cm, values in Cores 6 and 7 are consistent with deposition in Stage 3. We did not analyze material from the apparently reworked deposit in Core 8, and there were very few foraminifers in Core 9. In Core 10, two consecutive sam- Note: The analyses asterisked were made immediately after a machine breakdown; it seems likely, in the light of their plotted position in Figure 1 , that they are unreliable. It is our normal procedure to vacuum-roast samples immediately before analysis (in batches of 10 samples); these samples had been roasted before the machine breakdown, which was only fully cured after three weeks. We suspect that vacuum-roasting may decompose a small percentage of the calcite of the foraminifers to CaO, which would be expected to take up atmospheric moisture and CO2 t0 8i y e a small amount of carbonate of a different isotopic composition. Whether or not this is the correct explanation, we consider that the asterisked analyses should be disregarded. a Values are expressed with reference to the PDB standard of Epstein et al. (1951) .
pies (480-10-2, 10-20 cm and 480-10-2, 20-30 cm) yielded apparently full interglacial values, but unfortunately it was subsequently discovered that they (and other samples asterisked in Table 1 ) were analyzed when the mass spectrometer was not working reliably. In any case, it is difficult to make good use of oxygen isotope stratigraphy when there are long intervals without data. At the present time it does not appear that further isotope studies would enable us unambiguously to correlate the sediments of Site 480 with the standard marine oxygen isotope stratigraphy. If an oxygen isotope stratigraphy were obtained for the siliceous diatoms (Labeyrie, 1973; Mikkelsen et al., 1978) , then this might justify further work on the foraminifers. specimens. The circled points represent a set of measurements made immediately after a machine breakdown; these are now regarded as untrustworthy.
DISCUSSION
If, as suggested earlier, Stage 2 extends from within Core 3 to the base of Core 5, the interval from 14,000 to 24,000 y. B.P. (using the chronology proposed by Pastouret et al., 1978) may be represented by about 10.3 meters of sediment between Samples 480-3-3, 0 cm and 480-5-3, 140 cm, giving a sediment accumulation rate of about 1 m/10 3 y. This suggests that the variation observed in Core 4 has a characteristic time on the order of 1000 y. Recent detailed analyses of a core from the Panama Basin region (Shackleton, Hall, and Imbrie, in prep.) suggest the existence of variation on a similar time scale there. Detailed work in this part of Site 480 could prove particularly rewarding in understanding these changes. Oxygen isotope studies in the Camp Century ice core from the Greenland ice sheet (Dansgaard et al., 1971) have revealed very substantial variability on about the same time scale in that record; the time scale involved is too short for these to be explicable in terms of changes in the altitude of the ice sheet, so that quite substantial temperature changes must be represented over Greenland. It remains to be investigated whether these temperature changes were of sufficient magnitude to cause significant fluctuations in ocean isotopic composition; Site 480 is one of the few sections available in which this time interval could be studied in detail in ocean sediments. CONCLUSIONS 1. The Holocene section of Site 480, extending roughly 10 meters, contains insufficient benthic foraminifera for isotopic analysis. However, glacial age sediments and those deposited during the glacial-to-Holocene transition do contain benthic foraminifers at most horizons, suggesting that the deep water was relatively more oxygenated then than it is today.
2. The oxygen isotope record preserved in benthic foraminifers contains a uniquely detailed record of Isotope Stage 2 and of the Stage 2/1 boundary interval. There is considerable variability, with a period on the order of 1000 y., during Stage 2.
3. Taken on its own, oxygen isotope stratigraphy is of little use in the lower part of the section because it is impossible to recover a continuous record. However, if it becomes possible to obtain an isotope record from the siliceous material or if other detailed stratigraphic techniques are applicable, isotopic analyses in benthic foraminifers deeper in the hole may be justified.
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